The development of materials and fabrication technology for field-controlled spectrally active optics is essential for applications such as membrane optics, filters for LIDARs, windows for sensors, telescopes, spectroscopes, cameras and flat-panel displays. The dopants of rare earth elements, in a host of optical systems, create a number of absorption and emission band structures and can easily be incorporated into many high quality crystalline and amorphous hosts. In wide band-gap semiconductors like ScN, the existing deep levels can capture or emit the mobile charges, and can be ionized with the loss or capture of the carriers which are the fundamental basis of concept for smart optic materials. The band gap shrinkage or splitting with dopants supports the possibility of this concept.
INTRODUCTION
The effects on atomic and molecular energy level and associated spectra by externally imposed electric fields become apparent with a separation of the degenerative levels into specific angular momentum states. This effect is known as the Stark effect [1] . As compared to the intrinsic Stark effect, due to the quantum transitions of bound or transitional electrons, the quantum-confined Stark effect (QCSE) is based on charge carriers that undergo redistribution within wide bandgap materials, according to the strength of the applied electric field. A quantum confined Stark effect (QCSE) optical modulator element has one or more quantum wells bounded by asymmetric barriers. This provides a device in which the direction and magnitude of the electric field-induced absorption edge shift corresponds to the applied electric field's polarity and intensity. In the wideband gap semiconductors the dopant states and mid-bandgap states determine the space charge region. The finite number of carriers, electrons and holes, are mobilized according to the applied electric field. The redistribution of these charged carriers determines the absorption wavelength of light into the device layers ( Figure 1 ). The light absorption variations can be described by the Kramers-Kronig relations (KKR) that have wide applications in the area of linear and non-linear optics and explain the changes in the real refractive index [2] .
The index of refraction is determined by the change in the absorption coefficient in the media as calculated using the KKR. Therefore, an external electric field can influence certain media, resulting in changes to its index of refraction. In a wide band-gap semiconductor, the shallow quantum wells allow mobile carriers into the conduction or valence band. Due to crystal imperfections, deep potential wells form that can capture or emit these mobile charges. [10, 11] . The effects of electron beam irradiation, such as crystalline boundaries and defects in microstructure, may affect the electrical and optical properties of smart optical films as the mean free electron path would be altered influencing transmittance properties. Thus, further quantitative analysis of the effects of electron beam irradiation on the electrical and the optical properties of ScN film are needed. In addition, the long-time exposure of electron irradiation within the TEM process can lead to a variety of surfaces reactions, depending on the energy and local current density of the incident electron beam, so extreme caution was needed when interpreting data for electron-beam studies. 
CONCLUSIONS
In order to examine the properties of the quantum-confined Stark effect, semi-metallic materials doped with rare earth elements were developed and tested with electric-field injection. The ScN was such a semi-metal base material that was doped with rare earth elements. The spectral characterization of ScN and Er-doped ScN shows spectral shift or refractive index shift according to applied field. The optical band gaps of ScN doped with Er and ScN doped with Ho were experimentally estimated to be about 2.33eV and 2.24eV (±0.2eV), respectively. This potential is less than that of undoped ScN (2.5±0.2eV). This reduction in band gap energy, with dopants, supports the possible multiplicity of energy levels from complexing with the orbitals of the dopants by increasing the density of charge carriers. Low resistivity, high transparency ITO 200nm thick electrode film has been successfully prepared by sputtering. The film transparency of ITO was found to be greater than 80% across the visible spectrum, and the resistivity was 3.6x10 -4 Ω·cm. The rare earth materials doped ScN, sandwiched by ITO top and bottom electrodes, needs to be investigated further to reduce the required voltage for the observation of quantum-confined Stark effect.
